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ABSTRACT 
Vertical windows are the most common and simplest method to introduce daylight to interior spaces of 
office buildings, while also providing a view and connection to the outside. However, high contrast ratios 
between windows and surrounding surfaces can cause visual discomfort for occupants and can negatively 
influence their health and productivity. Consequently, building occupants may try to adapt their working 
environment through closing blinds and turning on lights in order to improve indoor visual comfort. Such 
interventions defeat the purpose of daylight harvesting systems and can increase the forecast electric lighting 
consumption in buildings that include such systems. A simple strategy to prevent these problematic 
consequences is to reduce the luminance contrasts presented by the window wall by increasing the 
luminance of areas surrounding the window through the sparing use of energy-efficient supplementary 
lighting, such light emitting diodes (LEDs). This paper presents the result of a pilot study in typical office in 
Brisbane, Australia that tests the effectiveness of a supplementary LED lighting system. The study shows an 
improvement in the appraisal of the visual environment is achieved using the supplementary system, along 
with up to 88% reductions in luminance contrast at the window wall. Also observed is a 36% reduction in the 
likelihood of user interventions that would increase energy usage. These results are used as the basis of an 
annual energy simulation of the test office and indicate that supplementary systems could be used to save 
energy beyond what is typically realised in side lit office spaces. 
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INTRODUCTION 
Energy use for lighting alone in office buildings is roughly 20-40% of the total energy consumed in 
buildings [1]. Office buildings often rely on side daylighting systems for daylight harvesting through 
windows, especially in high-rise cities. It is also well understood that office workers generally prefer to have 
windows in their working environment that can provide both natural light and outside view [2]. Nonetheless, 
luminance contrast between the bright surface of the window and surrounding areas may cause visual 
discomfort and reduced visibility for occupants. Thus, occupants may choose to close blinds and turn on the 
lights to enhance indoor visual comfort. Escuyer and Fontoynont [3] asserted that although it is likely that 
occupants close blinds, it is quite improbable that they raise the blinds again when there is no glare or 
overheating problem especially when they have poor outdoor view. A study among 123 buildings with 
installed photosensor-control systems illustrated that there is a relatively constant relationship between the 
amount of illuminance from windows and turning on the lights by occupants in particular when dimming 
control systems work perfectly [4]. This study showed that as the window illuminance increases, the 
likelihood of turning on the lights will also increase to up to 60% to diminish luminance contrast between the 
window and surrounding areas. The impact of human intervention on lighting conditions can reduce energy 
savings; the largest field study on the effectiveness of side-lighting controls for daylighting showed that less 
than 25% of the predicted (modelled) energy savings arising from daylight harvesting systems were actually 
being realised in practice [4].  
In order to reduce these problematic issues, we propose the use of an electric lighting design that uses small 
amounts of supplementary light to reduce the luminance contrast between the bright surface of the window 
and its surrounding areas. The purpose of this supplementary lighting design is to diminish occupant 
intervention that might reduce the expected energy savings from photosensor controls. This paper reports on 
preliminary results of a pilot study and a simulation analysis. The preliminary pilot study evaluates occupant 
response to a sample supplementary lighting design in a conventional office room in Brisbane, Australia. 
This paper also demonstrates the results of modelling the lighting energy use in the same office room over 
the course of a year, comparing different lighting design and user behaviour scenarios to demonstrate the 
effectiveness of the supplementary lighting design strategy. The goal of this study is to demonstrate the 
potential energy savings offered by supplementary lighting strategies, and the opportunities they may present 
to increase the effectiveness of photosensor-control dimming systems by diminishing negative user 
interventions.  
SMALL PILOT STUDY 
It is predicted that the efficacy of LEDs will approach 250 lm/W by 2020, which may lead to a reduction in 
global lighting electricity consumption by more than 50% and total electric use by around 20% [5]. Cool-
white LEDs, which have a high correlated colour temperature (CCT > 5000 K) and can achieve efficacies 
greater than 100 lm/W, are also a good colour match for natural light under clear sky condition. This made 
them a desirable choice for the supplementary lighting system used in this study. The preliminary pilot study 
was conducted in a small office room, with a southwest oriented window, under clear sky conditions in 
autumn/winter for Brisbane, Australia. The office was furnished with a desk and had two separately-
switched, suspended linear fluorescent luminaires overhead (28 W each). Room surfaces were mostly light, 
with white ceiling, walls, window frame and desk. Figure 1 shows the view of the window wall in the office 
from the seated desk position.   
A cool white LED lighting system was assembled around the 
bottom and sides of the window to achieve a wall-washing effect. 
The system selected for this study was an off-the-shelf solution 
chosen for its ease of use, diffuse output and modularity. When 
switched on at maximum power the 6 x 9 W modules consumed 
54 W (according to the manufacturer, providing 57 lm/W), which 
was relatively high for the output required for the space. 
However the system included a dimmer switch, which allowed 
lower levels to be achieved and tested.  
A total of 15 participants were asked individually to sit in front 
of the window and to imagine this test office room as their own 
working environment. They then responded to a simple lighting 
appraisal survey designed to determine whether the use of the 
supplementary lighting system would influence their decision to 
switch on lights or close blinds in the room.  Each participant 
was seated at the desk with the overhead lights off and the blinds 
open. Four lighting conditions were presented in turn, beginning 
with no supplementary wall lighting, and then LED wall-washing 
of the window surrounds at 3 different power levels (9 W, 18 W 
and 27 W). The participant was asked to rate the visual amenity 
of the space on a scale of 1-5 (one meaning very dissatisfied and 
five meaning very satisfied) and then asked if they wanted to switch on the lights or close the blinds (yes/no 
answer). Given that the 2 overhead lights were separately switched, if the participant answered yes to 
switching on lights, they were further asked how many they would like to switch on (i.e. one or two).  
The four lighting conditions (stages) according to the total lighting power of LEDs were: off (stage 1), 
luminaire power of 9 W (stage 2), luminaire power of 18 W (stage 3), and luminaire power of 27 W (stage 4). 
Luminance measurements of key surfaces in the room were collected at the beginning of each stage using a 
Konica Minolta LS100 luminance meter and illuminance measured at the desk with a Konica Minolta T10. 
Figure 1 shows a picture of the test office room with overhead lights on, supplementary system off and the 8 
areas that were targeted to measure the luminance during each stage, as well as the illuminance meter on top 
of the desk. Table 1 illustrates the average illuminance on top of the desk in the test office room throughout 
each stage when overhead lights are off. All values are averaged over all participant measurements, as there 
was very little variation in the exterior lighting conditions across all tests. This was evident in the luminances 
and illuminances measured in the space varying by less than 10% across all 15 tests. A key measurement of 
 
Figure 1: Test office room at QUT in 
Brisbane, Australia 
Stage Average illuminance (lux) 
1 145 
2 151 
3 141 
4 155 
Table 1: Average horizontal illuminance 
measurements at the desk during each stage 
of the survey 
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interest to this study is the change in the luminance ratio from the window to the window wall at each stage. 
To obtain the value of this ratio, readings 1, 2 and 3 are averaged (to give window luminance) and compared 
to the average of readings 4, 5 and 6 (for the surrounding wall luminance). These ratios are presented in table 
3 below.  
The survey results shown in Figure 2 indicate that the 
supplementary lighting system did affect the decisions the 
participants made as to whether to switch on or off the lights, or 
to close blinds. This study demonstrated that the probability of 
participants wanting to turn on the lights or close the blinds in 
the office has been reduced by 24% at stage 3 and 36% at stage 4 
of the survey compared to stage 1. It also showed that subjects’ 
satisfaction increased by about 27% and 36% at the beginning of 
stage 3 and 4 respectively. It is believed that the changes to the 
desired switching and blind positioning preferences reported by 
the participants in this study is attributable to the substantial decrease in the window to wall luminance ratio 
(from 215 to 26, shown in Table 2), given that the illuminance on the desk remained consistent across all 
stages of the study (Table 1). 
Also of interest is that the 
illuminance recorded at the desk 
(~140 lux) is lower than most 
photosensor control systems 
would use as a setpoint for 
daylight dimming; however it 
appears that the participants 
found this an acceptable level to 
begin reducing overhead 
lighting where the luminance 
contrast was also acceptable.  
SIMULATION METHOD 
A model of the test office room in preliminary study was created in ECOTECT which is 3.64 m (deep) * 
3.17 m (wide) * 3.85 m (high). Window dimensions are 1.235 m * 1.1 m while its sill height is 1 m. The 
interior reflection of walls, ceiling and floor are 50%, 70% and 10% respectively. One sensor point was also 
placed at the desk height (0.72 m of the floor horizontal) with a 1.5 m distance from the middle of the 
window, to correspond to the location of the illuminance meter in the test room.  
The DAYSIM engine within ECOTECT was used to analyse the annual electric energy usage of the model. 
Five minutes time steps for the annual daylight simulation was chosen. It was assumed that this office will be 
occupied Monday to Friday from 8am and 5pm, for 48 weeks per year. The lunch time, intermediate break, 
and daylight saving time were disabled for lighting analysis. The power density (W/m
2
) was calculated 
dividing total overhead lighting power in the preliminary study (56 W) by the floor area (11.54 m
2
). Thus, 
the total power density of the overhead fluorescent lighting in this model and a proposed 18 W LED system 
are 4.85 W/m
2 
and 1.56 W/m
2
 respectively. It was also assumed that dimming system has an ideally 
commissioned photosensor-control with a ballast loss factor of 20 percent which works perfectly in this 
model. Finally, shading device system was assumed to be static in the simulated model.  
Five different cases are presented based on the lighting energy modelling of the test office over a year. The 
base case (1) has no photosensor control system. The next case in terms of user behaviour assumes ideal use 
– the daylight photosensor control system is always used as designed – so savings are achieved as sun and 
sky conditions permit. However this ideal case (2) has been demonstrated to make an unrealistic reference 
case in side-lit spaces, with a realistic value closer to 25% of those savings [4].  So as well as the ‘ideal’ case, 
the ‘actual’ case (3) will consider this fraction of the ideal energy savings. Finally, two more cases are 
presented considering use of a supplementary lighting system, one conservative (case 4) and one optimistic 
scenario (case 5). The minimum illuminance level required at the workplane was 320 lux for cases 1 to 4 and 
200 lux for case 5. This ‘optimistic’ illuminance level was based on an observed reduction in acceptable 
stage Average 
window 
luminance 
(cd/m2) 
Average 
wall 
luminance 
(cd/m2) 
Luminance 
ratio 
1 2403 11 215 
2 2409 25 95 
3 2257 50 45 
4 2281 86 26 
Table 2: Average luminance ratio between 
window and surrounding areas during each 
stage 
Figure 2: Survey results 
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workplane illuminance reported by participants in the study.  
Annual lighting energy use (in kWh/m
2
) in cases 1 and 2 is calculated by ECOTECT based on an installed 
lighting power density of 4.85 W/m
2
 and workplane illumance of 320 lux. The energy use in case 3 is 
calculated simply by assuming only 25% of the energy saved in case 2. Case 3 applied the results observed 
in the case study to modify the savings found in cases 2 and 3: a 24% reduction in user interventions is 
expected at the cost of an increase of 1.56 W/m
2
 
while dimming occurs. This is calculated by finding 
the number of hours that dimming occurs in case 2 
(approximately 1190 h), increasing the power 
density used in case 2 by 1.56 W/m
2
 for that period 
of time, and then assuming that changes to user 
interventions increases the actual energy savings 
from 25% to 43% of the modelled value. Case 5 is 
calculated again in ECOTECT using an increased 
overall power density (4.85 + 1.56 W/m
2
) but a 
lower workplane illuminance of 200 lux.  
RESULTS AND DISCUSSION 
The results of this study indicate that a supplementary lighting system can be used to significantly reduce the 
luminance contrast on the window wall of a side lit space. In this example, the luminance contrast between 
the window and its surrounding wall was reduced from an average value of approximately 215 to 26 – a 
reduction on 88%, or nearly 9-fold. A more modest reduction of 80% was shown to reduce the likelihood of 
participants wanting to switch on ceiling lights or close blinds by 24%. Using this result, annual energy 
simulations were conducted to show that the increased power consumed by the supplementary system is 
offset where a suitable decrease in negative user intervention is achieved. With no photosensor controls, the 
test office was expected to use 10.5 kWh/m2 in lighting energy. Using a realistic scenario where 25% of 
modelled lighting energy savings are achieved, the test office used approximately 9.5 kWh/m2. If the 
supplementary system were to reduce negative user intervention by 24%, then the annual lighting energy use 
would also be 9.5 kWh/m2. The energy saving in this example is not evident; however it is very important to 
note that the LED system employed in this study was not selected for its energy-efficiency, but rather as an 
easy method to implement solution at the test level. More efficient luminaire configurations will be applied 
to future stages of this research. Also the luminous efficacy of this system was only 57 lm/W. Both the 
design of the system, and the system efficacy could be increased in practice to substantially boost the energy 
savings available for this design strategy. Further savings using this supplementary lighting strategy may lie 
in the optimistic case scenario. Participants indicated comfortable working conditions could be achieved at 
workplane illuminances of approximately 140 lux when the luminance ratio at the window wall was reduced 
by supplementary lighting. This suggests that a decrease in workplane illuminance may be acceptable where 
the window to wall contrast was maintained at a relatively low level in this type of environment. Evidently, 
this scenario requires further and more thorough investigation; however the preliminary modelling shown 
here for case 5 shows that this is where more substantial energy savings may lie. Further study in this area 
will focus on more rigorous testing of occupant perception using supplementary lighting systems, 
incorporating a variety of test spaces, window types and office layouts (including open plan spaces). 
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Figure 3: annual electric use of the model in different cases 
